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(54) MANUFACTURING METHOD OF POROUS CERAMIC 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a manufacturing method of a porous cordierite 
honeycomb structure capable of being shortened In firing time and improved in productivity, 
while preventing a crack and molten defect generated during burning of a combustible poring 
agent. 

SOLUTION: The method of manufacturing the porous ceramic honey comb structure is 
characterized in that a ceramic raw material containing hollow ceramic micro sphere with mean 
grain diameter of <300 /im by ^50 mass% is used. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the porosity ceramic honeycomb structure object 
characterized by using the ceramic raw material powder which contains a hollow ceramic minute 
ball with a mean particle diameter of 300 micrometers or less below 50 mass %. 
[Claim 2] The manufacture approach of the porosity ceramic honeycomb structure object 
according to claim 1 characterized by the content of the hollow ceramic minute ball in ceramic 
raw material powder being below 40 mass % more than 2 mass %. 

[Claim 3] The manufacture approach of the porosity ceramic honeycomb structure object 
according to claim 1 to 2 characterized by the porosity of a porosity ceramic honeycomb 
structure object being 40% or more. 

[Claim 4] The manufacture approach of the porosity ceramic honeycomb structure object 
according to claim 1 to 3 characterized by the ceramic raw material powder containing a hollow 
ceramic minute ball being a cordierite-ized raw material. 

[Claim 5] The manufacture approach of a porosity ceramic honeycomb structure object 
according to claim 1 to 4 that the principal components of a hollow ceramic minute ball are Si02 
and aluminum 203, and CaO is characterized by below 1.0 mass % and Ti02 being below 2.5 
mass % by Fe 203 of a hollow ceramic minute ball below 1 .5 mass %. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Reid of the Invention] This invention relates to the manufacture approach of a porosity ceramic 
honeycomb structure object It is related with the manufacture approach of the porosity ceramic 
honeycomb structure object used for the filter for carrying out uptake of the particle discharged 
by the Diesel engine especially. 
[0002] 

[Description of the Prior Art] In order to remove the particle discharged by the Diesel engine, 
the septum of a ceramic honeycomb structure object is made into a vesicular structure, and the 
filter for particle uptake of the structure of making the exhaust gas which contained the particle 
in the septum pass (diesel particulate filter) is used. The gross shape of this filter is shown in 
drawing 1 . About the property of this filter, it is supposed that the collection efficiency of a 
particle, pressure loss (pressure loss), and three uptake time amount (time amount until it 
reaches a fixed pressure loss from uptake initiation) of a particle are important. Although uptake 
time amount will be made for a long time if a pressure loss will increase, uptake time amount will 
become short, if collection efficiency and a pressure loss have an opposite relation and it is 
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going to make collection efficiency high especially, and a pressure loss is made low. collection 
efficiency worsens. To the ceramic honeycomb structure object, the technique which controls 
and optiniizes the porosity and pore distribution is examined from the former, and. generally, as 
for porosity, 40% or more of thing is used so that the property of these opposite filters may be 
satisfied. Moreover, although it is common in the ceramic quality of the material to use what 
uses cordierite as a principal component from the low-^ever expansion property, heat-resistant 
ceramic ingredients, such as silicon carbide and silicon nitride, are also used. 
[0003] In case a ceramic honeycomb structure object with the above big porosity is 
manufactured conventionally, in a ceramic raw material, an ostomy agent etc. is added, it kneads, 
and drying and calcinating is common after extrusion molding. Combustible material is used for 
an ostomy agent, it burns and disappears in the temperature up process before reaching burning 
temperature, and the trace of an ostomy agent remains in the ceramics as pore. As the example, 
by JP.83-27303,B, the manufacturing method of the cordierite honeycomb structure object 
which used starch powder is indicated, and the ostomy effectiveness of starch powder is shown. 
Moreover, by JP,60-31 800,B, the manufacturing method of the porous-ceramics honeycomb 
structure object which has the high dimensional accuracy which used graphite powder, i.e., 
graphite powder, is indicated, and the ostomy effectiveness of graphite powder is shown in it 
Furthermore, as an ostomy agent, among an atmospheric-air ambient atmosphere, the 
manufacturing method of the porosity ceramic honeycomb structure object which uses the 
extremely flammable carbon powder whose weight percentage reduction is 50% or more in 650 
degrees C and heat treatment of 1-hour maintenance is indicated, and the thing of the ostomy 
effectiveness acquired is indicated by firing time with short extremely flammable carbon powder 
in the patent No. 2562186 official report Moreover, by JP,9"77573A the manufacture approach 
of the honeycomb structure object which uses the organic foam to which it foams below 100 
degrees C to a ceramic raw material, or the combustible material which burns at temperature 
lower than burning temperature, adding it five to 50% of the weight is indicated, and the ostomy 
effectiveness of an organic blowing agent and combustible material is shown. Furthermore, by 
JP,5-330943,A. the manufacture approach of a suitable porosity ceramic product to add an 
insoluble cellulose in graphite and water and use it for them as a filter for diesels is indicated, 
and it is shown in graphite and water that perfect dielectric drying can be performed, without 
spoiling the ostomy effectiveness with the combination of an insoluble cellulose. 
[0004] 

[Problem(s) to be Solved by the Invention] However, the combustible material of the 
conventional technique was used as an ostomy agent and when combustible material was 
burned at temperature lower than burning temperature, pore was formed into a ceramic and 
porous ceramics were manufactured, there were the following problems. In heating from the 
outside of a honeycomb structure object once the above-mentioned combustible material is 
hard to be heated and burns, it has the property to bum and generate heat rapidly (for the 
temperature which moreover burns with each combustible material to differ). For this reason, the 
big temperature gradient occurred and the problem that a crack occurred in the interior and the 
end face of a honeycomb structure object according to this temperature gradient or the interior 
carried out an erosion was between the interior of a honeycomb structure object and the outer 
wall section. Furthermore, discharge out of the ceramic system of the combustion gas which the 
crack generated combustion of the above-mentioned combustible material in the interior and the 
end face of a honeycomb structure object by the cubical expansion at the time of combustion 
gas occurring since it generated rapidly in the temperature field of a certain proper to each 
matter, or occurred was not performed smoothly, but might generate the crack in the interior 
and the end face of a honeycomb structure object For example, in the case of the above- 
mentioned wheat flour, in the case of 250-350 degrees C and graphite, combustion occurs 
rapidly at 750-850 degrees C. Especially the phenomenon of this crack was difficult to acquire 
the honeycomb structure object which it appears notably with a honeycomb structure object 
with a big dimension with an outer diameter [ of 140mm or more ], and a die length of 150mm or 
more, and is the magnitude beyond this substantially, and has 40% or more of porosity. For this 
reason, although a programming rate is made late and he was trying to suppress internal rapid 



generation of heat conventionally in order to prevent generating of a crack, and an internal 
erosion, when the programming rate was made late, firing time became long, and there was a 
trouble of extremely if the worst happens saying manufacture effectiveness. 
[0005] In case it manufactures a porosity ceramic honeycomb structure object, the purpose of 
this invention cancels the technical problem mentioned above, and compaction of firing time is 
possible for it, and it tends to offer the manufacture approach of the porosity ceramic 
honeycomb structure object which can raise productivity. 
[0006] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, it 
found out that this invention person can prevent the crack and erosion which are generated in 
the temperature up process of baking by using a noncombustible hollow ceramic minute ball as a 
result of inquiring wholeheartedly, and porous ceramics with large porosity were obtained easily. 
That is, the manufacture approach of the porosity ceramic honeycomb structure object of this 
invention is characterized by using the ceramic raw material powder which contains a hollow 
ceramic minute ball with a mean particle diameter of 300 micrometers or less below 50 mass %. 
Here, below 40 mass % of the content of a hollow ceramic minute ball is more desirable more 
than 2 mass %. Moreover, it is characterized by the porosity of a porosity ceramic honeycomb 
structure object being 4054 or more. Moreover, as for the manufacture approach of the porosity 
ceramic honeycomb structure object of this invention, it is good that the ceramics raw material 
powder containing the hollow ceramics is a cordierite-ized raw material, and it is desirable that 
the principal components of a hollow ceramic minute ball are Si02 and aluminum 203. and below 
1.5 mass % and CaO are [below 1.0 mass % and Ti02 ] below 2.5 mass %s for Fe 203 of a hollow 
ceramic minute ball. 
[0007] 

[Function] Next, it explains per [ in this invention ] operation effectiveness. Since the 
manufacture approach of the porosity ceramic honeycomb structure object of this invention 
uses the ceramic raw material powder which contains a hollow ceramic minute ball with a mean 
particle diameter of 300 micrometers or less below 50 mass in case it manufactures a porosity 
ceramic honeycomb structure object conventionally, it does not cause problems, such as a crack 
in the temperature up process at the time of baking generated when combustible material was 
used as an ostomy agent, and an erosion. That is, it is because do not burn in a temperature up 
process, and do not generate the problem of the crack or erosion accompanying combustion, but 
rapid temperature rising becomes possible, since a hollow ceramic minute ball is incombustibility, 
so compaction of firing time is attained. Furthermore, in order to remain in the ceramics as pore 
after the amount of centrum's calcinating since it is a hollow minute ball, it becomes easy to 
enlarge porosity without the crack at the time of rapid temperature rising or worries about an 
erosion, the time of setting the mean diameter of a hollow ceramic minute ball to 300 
micrometers or less fabricating the honeycomb structure object of 430 micrometers of septum 
thickness currently generally used by the well-known extrusion method especially as a diesel 
particulate filter here, if a mean diameter exceeds 300 micrometers — a mouthpiece — it is 
because it becomes easy to generate the defect who get a hollow ceramic minute ball blocked, 
or is caught and by whom a septum is not formed in a slit It is 150 micrometers or less 
preferably. Moreover, the addition of a hollow ceramic minute ball is made below into 50 mass % 
because the fluidity of a raw material will worsen since contact of hollow ceramic minute balls 
takes place and shaping of a honeycomb structure object will become difficult, if 50 mass % is 
exceeded. Moreover, it is because the so-called ostomy effectiveness shows up [ that more than 
2 mass % makes the more desirable content of a hollow ceramic minute ball below 40 mass % 
more than 2 mass %, and ] greatly, and is because the defect in whom contact of hollow ceramic 
minute balls may come over, and a septum is not formed depending on the conditions of shaping 
in the case of extrusion molding may occur when 40 mass % is exceeded. 
[0008] Moreover, it is because the effectiveness which used the hollow ceramic minute ball 
becomes greatest [ that 40% or more especially makes the desirable range the porosity of a 
porosity ceramic honeycomb structure object in the manufacture approach of the porous 
ceramics of this invention ] since the crack in the temperature up process at the time of baking 



and the problem of an erosion will become easy to arise, if combustible material is used as an 
ostomy agent in the case of a porosity ceramic honeycomb structure object with which porpsity 
exceeds 40%. That is. since it remains as pore after the amount of [ which a hollow ceramic 
minute ball has ] centrum's calcinating, porous ceramics of 40% or more of porosity are obtained, 
without generating the crack in a temperature up process, and the problem of an erosion. 
Moreover, in the manufacture approach of the porous ceramics of this invention, since in 
addition to the low-fever expansion property which cordierite has originally neither the crack in 
the temperature up process at the time of baking nor the problem of an erosion is generated and 
porosity can be enlarged, it is strong to a thermal shock to make it desirable for the ceramics 
raw material powder containing the hollow ceramics to be a cordierite-ized raw material, and it is 
because the honeycomb filter of low voltage loss is obtained. And having set the principal 
component of a suitable hollow ceramic minute ball to Si02 and aluminum 203 In case the 
porosity ceramic honeycomb structure object which uses cordierite as a principal component is 
manufactured Since cordierite presentations are 242 to Si056 mass %, 2O330 to aluminum45 
mass %, and 12 to Mg016 mass 54, if the principal components of a hollow ceramic minute ball are 
Si02 and aluminum 203 It is because it becomes easy by adjustment of the addition of SiO(s)2, 
such as a kaolin of other cordieriteHzed raw material powder, talc, an alumina, an aluminum 
hydroxide, and a silica, and the source raw material of aluminum203 to acquire a cordierite 
presentation. Moreover. Fe 203 of a hollow ceramic minute ball is for it making the principal 
component of a crystal phase a cordierite phase that CaO carried out to below 1 .0 mass % below 
1.5 mass %'s, and Ti02 carried out to below 2.5 mass %, and lessening the glass phase of high 
expansion generated from an impurity. In addition, this minute ball may also contain the 
component mixed unescapable, Na20, K20, P205, PbO, etc. below 2 mass % as a whole. 
[0009] A hollow ceramic minute ball which was explained above is the following, and can be made 
and obtained After preparing cordierite-ized raw material powder, adding water to this and 
producing a cordierite slurry, with a spray drying machine, moisture is made to evaporate and 
spherical cordieriteHzed granulation is obtained. At this time, the hollow object of the enclosed 
type with which the inside of granulation has a part for a centrum is acquired by controlling the 
service condition of the moisture content of a slurry, viscosity, and a ** spray drying machine. 
By calcinating this hollow object at the temperature of 1 300 degrees 0 or more, the hollow 
ceramic minute ball which has a cordierite presentation is obtained. Or some fly ash generated 
from a thermal power station is enclosed type hollow objects, and since the thing of high 
intensity is obtained, it can also use this. A 420 times as many cross-section photograph as a 
hollow ceramic minute ball is shown for a 420 times as many enlargement as a hollow ceramic 
minute ball in drawing 2 at drawing 3 . In addition, since the line of the lower right in drawing 
shows 10 micrometers, the hollow ceramic minute diameter of sphere shown in drawing is set in 
general to 85-90 micrometers. Since it is spherical in general and the pore formed into the 
cordierite ceramics also serves as approximately spherical, the above hollow ceramic minute ball 
can reduce the stress concentration in pore, and becomes possible [ also obtaining the diesel 
particulate filter excellent also in the mechanical strength ]. 

[0010] As mentioned above, although this invention was mentioned as the example and the 
cordierite ceramics was explained, this invention is not limited to this and can be applied to 
various heat-resistant ceramic ingredients, such as a mullite. an alumina, silicon nitride, silicon 
carbide, nitriding aluminum, lithium aluminium silicate, aluminum titanate, and a zirconia. 
[0011] 

[Embodiment of the Invention] Hereafter, the example of this invention is explained. 
(Example) Si02 so that 42 to 56 mass % and aluminum 203 may become 30 to 45 mass % and 
MgO may become 12-16 mass % Prepare the hollow ceramic minute ball which shows a 
property in Table 1. and other cordieriteHzed raw material powder, and this cordierite-ized raw 
material 100 mass section is received. The ostomy agent of the combustible material which 
shows a property in Table 2 if needed was added at a rate shown in Table 3, the methyl cellulose 
4 mass section and water were added and kneaded further, and it considered as the plastic 
matter in which extrusion molding is possible. In the hollow ceramic minute ball A. cordierite and 
hollow ceramic minute ball B-F uses Si02 and aluminum 203 as a principal component. 
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[0013] 
[Table 2] 
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[0014] 
[Table 3] 




[0015] Subsequently, the cylindrical shape honeycomb structure object with a diameter [ of 
267mm ] and a die length of 304mm which has 430 micrometers of septum thickness and 1 6 eel 
numbers per 1 square centimeter for the plastic matter of each batch by the well-known 
extrusion method was fabricated. Although (0) and a eel defect generated the batch which was 
able to fabricate satisfactory at this time, the result of (0) and a eel defect having generated 
continuously the batch that incidence rate of whose was less than 5%, and shaping of a 



honeycomb structure object having made the difficult batch (x), and having evaluated the 
moldability is shown in Table 4. Subsequently, the honeycomb structure object by each batch 
was calcinated on the baking conditions shown in drawing 4 after desiccation, and observed 
evaluation of porosity and the coefficient of thermal expansion for 40-800 degrees C, and 
generating of a crack and erosion generating of a honeycomb structure core as a property of a 
baking object as a material property. Measurement of porosity was performed using the mercury 
porosimeter. These results are shown in Table 4, 
[0016] 
[Table 4] 




[0017] Since trial No.l is an example of a comparison and it is the cordierite ceramics used for 
catalyst support, porosity is 35.6%. Trial No.2-7 are the example of this invention, and since 5-48 
mass % addition of the hollow ceramic minute ball A of a cordierite presentation is done to trial 
No.1, the presentation of a baking object becomes 2:42 to cordierite presentation Si056 mass %, 
203:30 to aluminum45 mass %, and MgO:12 - 16 mass %. Moreover, it is (0) - (O) with all good 
[ a moldability ], and porosity is large by increasing the addition of a hollow ceramic minute ball. 
For this reason, with the baking object of trial No.2-7, since the ostomy agent of combustible 



material is not added In spite of obtaining 40% or more of high porosity, and a 5 - 7x10-7/degree 
C low-fever expansion coefficient, on any conditions of baking condition a-c, there are also no 
crack and erosion by baking and that by which quality was stabilized is obtained. Since trial No.8 
were the example of a comparison of this invention on the other hand, it received trial No.1 and 
55 mass % addition of the hollow ceramic minute ball A of a cordierite presentation was done, 
moldability evaluation was (x) and shaping of a honeycomb structure object was difficult for it 
For this reason, it could not calcinate and evaluation of a material property and a baking object 
property was not able to be carried out. 

[0018] Trial No.9"13 are the example of this invention, and use the hollow ceramic minute ball B 
which uses Si02 and aluminum 203 as a principal component. The addition of other cordierite- 
ized raw materials was adjusted, and it adjusted so that 2:42 to Si056 mass [ of a cordierite 
presentation ] %, 203:30 to aluminum45 mass %, and MgO:12 - 16 mass % mi^t be obtained 
Moreover, like trial No.2-8. a moldability is all good (O) and porosity is large by increasing the 
addition of a hollow ceramic minute ball. For this reason, with the baking object of trial No.9-13, 
since the ostomy agent of combustible material is not added in spite of obtaining 40% or more of 
high porosity, and a 4 - 9x10-7/degree 0 low-fever expansion coefRcient, on any conditions of 
baking condition a-c. there are also no crack and erosion by baking and that by which quality 
was stabilized is obtained. Trial No.1 4-1 6 are the example of this invention, it is what used the 
hollow ceramic minute balls C and D which use Si02 and aluminum 203 as a principal component 
like trial No.9-13. and a moldability is all good (0) and porosity is large by increasing the addition 
of the minute ball from which mean particle diameter differs with the hollow ceramics. For this 
reason, with the baking object of trial No.1 4-1 6. since the ostomy agent of combustible material 
is not added in spite of obtaining 40% or more of high porosity, and a 5 - 7x10-7/degree 0 low- 
fever expansion coefficient on any conditions of baking condition a-c. there is also no crack by 
baking and that by which quality was stabilized is obtained. 

[0019] Although trial No.1 7 are the example of a comparison of this invention and the principal 
component was using the hollow ceramic minute ball of Si02 and aluminum 203. since the hollow 
ceramic minute [ mean particle diameter ] ball E with a large particle size which is 321 
micrometers was used, the minute ball was got blocked in the metal mold slit at the time of 
extrusion molding, it was difficult to acquire a honeycomb structure object without a eel defect 
and evaluation was not able to be carried out On the other hand, in trial No.1 8, the hollow 
ceramic minute ball F which uses Si02 and aluminum 203 as a principal component like trial 
No.9-16 was used, and the moldability was good (O). Although the hollow ceramic minute ball F 
has a coefficient of thermal expansion a little as higher as 1 1.3x10-7/degree 0 since the amount 
of CaO(s) became high [ the CaO concentration of the cordierite baking object acquired from 
making it high 1 .3 mass % content ] compared with minute ball A-E Since the ostomy agent of 
combustible material is not added, on any conditions of baking condition a-c, there are also no 
crack and erosion by baking and that by which quality was stabilized is obtained Trial No.1 9-23 
are an example of a comparison, and are the example which used the ostomy agent of 
combustible material. As for each of these, the moldability was good, trial No. — when the wheat 
flour of 19 and 20 was used as an ostomy agent, since wheat flour was 10 mass % added, in trial 
No.20, the crack occurred on the baking object also on condition that any of the baking 
conditions a, b. and c. On the other hand, on the baking conditions b and c. since the addition of 
wheat flour is 5 mass % in trial No. 19, although crack initiation is carried out on the baking 
conditions a, although it has stopped occurring, in order for porosity to use it as a diesel 
particulate filter at 38.2%. it is insufficient [ a crack ] of porosity. Moreover, when the graphite of 
trial No.21 was used, while the crack occurred on the baking object also on condition that any of 
the baking conditions a, b. and c. the poor erosion occurred, trial No. — when the organic 
blowing agent of 22 and 23 was used as an ostomy agent, since the organic blowing agent was 5 
mass % added, in trial No.23, the crack occurred on the baking object also on condition that any 
of the baking conditions a. b, and c. On the other hand, on the baking conditions b and c, since 
the addition of an organic blowing agent is 2.5 mass % in trial No.22. although crack initiation is 
carried out on the baking conditions a, although it has stopped occurring, in order for porosity to 
use it as a diesel particulate filter at 39.6%. it is insufficient [ a crack ] of porosity, trial No. — 24 



and 25 are the examples of this invention and are the example which carried out combination use 
of equipment of the ostomy agent of combustible material to the hollow ceramic minute ball. In 
trial No.24, the hollow ceramic minute ball B. the other cordierite-ized raw materials, and wheat 
flour 5 mass % which use Si02 and aluminum 203 as a principal component are used. Since the 
hollow ceramic minute ball was used compared with trial No.19 which used wheat flour 
independently, 49,3% of high porosity is obtained and the property which can be used as a diesel 
particulate filter came to be acquired. Moreover, in trial No.25, the hollow ceramic minute ball B, 
the other cordierite-ized raw materials, and organic blowing agent 2.5 mass % which use Si02 
and aluminum 203 as a principal component are used. Since the hollow ceramic minute ball was 
used compared with trial No.22 which used the organic blowing agent independently, 51.2% of 
high porosity is obtained and the property which can be used as a diesel particulate filter came 
to be acquired, the above ~ trial No. ~ as 24 and 25 showed, the combustible material ostomy 
agent in the range and the concomitant use of a hollow ceramic minute ball which do not affect 
the crack initiation in a baking process are also possible. 
[0020] 

[Effect of the Invention] Since the hollow ceramic minute ball is used for raw material powder in 
case a porosity cordierite honeycomb structure object with large porosity is acquired according 
to this invention so that clearly from the above explanation, there are also no crack and erosion 
generating by the combustible material ostomy agent in a temperature up process, and a 
porosity ceramic honeycomb structure object suitable as a diesel particulate filter can be 
acquired. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2, *^^ shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (a) And (b) is the front view and side elevation showing an example of the filter 
which used the honeycomb structure object, respectively. 

[Drawing 2] It is the microphotography of the hollow ceramic minute ball concerning this 
invention. 

[Drawing 3] It is the cross-section microphotography of the hollow ceramic minute ball 
concerning this invention. 

[Drawing 4] It is drawing showing the baking conditions used by 
[Description of Notations] 

1 Ceramic Honeycomb Structure Object 2 Septum 3 Through Tube, 4 Ceramic Honeycomb 
Filter, 5 It Stops and is **. 
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DRAWINGS 



[Drawing 1] 
(1) 



(2) 




[Drawing 2] 




[Drawing 3] 
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